Purpose The aim of this study is to evaluate the prognostic significance of paranasal sinus invasion for nasopharyngeal carcinoma (NPC) and its suitable position in the T classification.
Introduction
In China, nasopharyngeal carcinoma (NPC) is endemic and over 33,000 new patients were diagnosed in 2012, which accounted for 40% of new diagnosed NPC worldwide [1] . According to the eighth edition of the American Joint Committee on Cancer (AJCC) staging system published in 2017, T classification for NPC is based on the anatomical extent of the primary tumor and which has been proposed on NPC treated by intensity-modulated radiotherapy (IMRT) [2, 3] . In the eighth edition of the AJCC staging system for NPC, paranasal sinus involvement is classified as T3 disease [2] . However, the Chinese 2008 staging system which has been proposed in the era of magnetic resonance imaging (MRI) and modern radiation therapy technology classifies involvement of the paranasal sinuses as T4 disease [4] .
T4 classification NPC patients with MRI-detected intracranial extension are more likely to experience local failure and death after IMRT than patients without intracranial extension in our previous study [5] . With respect to the prognostic value of paranasal sinus invasion, there are limited reports, especially, for patients treated by IMRT [6] [7] [8] [9] [10] . Therefore, we analyzed a large cohort of MRI-staged patients treated with IMRT to evaluate the prognostic significance of paranasal sinus invasion and its suitable position in the T classification.
Materials and Methods

Patients and work-up
After obtaining approval from our institutional review board, the medical records of consecutive 695 patients with previously untreated, biopsy-proven, non-metastatic NPC that was treated with IMRT between January 2007 and February 2012 in our center were retrospectively evaluated. All patients were restaged according to the eighth edition of the AJCC staging system. The pretreatment workup included a complete history and physical examination, hematology, and biochemistry profiles, MRI of the head and neck, computed tomography (CT) scan of the chest and abdominal region, bone scintigraphy, fiber-optic nasopharyngoscopy, and dental check. The clinical characteristics are listed in Table 1 .
MR imaging
All patients underwent MRI on a 1.5-or 3.0-T system system (Magnetom Symphony/Verio, Siemens Healthcare, Erlangen, Germany) with a head-and-neck combined coil. The scan range covered from the suprasellar cistern to the inferior margin of the sternoclavicular joint. The thickness/ slice gap was 5 mm/1 mm for axial plane and 5 mm/0.5 mm for sagittal and coronal plane, respectively. Non-enhanced series included: axial T1-weighted imaging (T1WI; fast spin echo [FSE] Values are presented as number (%). PSI, paranasal sinus invasion.
rate of 2.0 mL/sec, contrast-enhanced scan was performed by FSE with fat-suppressed (TR/TE=460 msec/7.8 msec for sagittal and coronal plane, TR/TE=295 msec/2.9 msec for axial plane). Two radiologists independently evaluated all scans, and any disagreements were resolved by consensus. In addition, there is a multidisciplinary team of NPC to confirm the extent of diseases and the treatment in our center. Paranasal sinuses involvement was diagnosed using the following criteria: (1) primary tumors invaded into the sinus cavity with bone destruction of the wall of the sinus ( Fig. 1) and (2) the same signal intensity characteristics as the primary lesion (an equal or lower signal in the T1WI MRI scan, an equal or higher signal in the T2WI and an obvious enhancement in the enhanced scan) [9] .
Treatment
All patients received definitive radiotherapy using IMRT techniques. A detailed description of IMRT has been previously reported [11] . Briefly, the dose prescribed was 69-70. 4 Gy, 63-67.2 Gy, 60-60.8 Gy, and 54-54.4 Gy in 30-32 fractions delivered over 6 weeks at the periphery of the planning target volume (PTV) of primary tumor, PTV of metastatic lymph nodes, PTV of high-risk clinical target volume, and PTV of low-risk clinical target volume, respectively, using the simultaneous integrated boost technique. Most patients (n=673, 96.8%) underwent platinum-based neoadjuvant, concurrent, or adjuvant chemotherapy.
Follow-up and statistical analysis
Follow-up was calculated from the day of radiation therapy completion to the date of the event or the last follow-up visit. All patients were followed up after the completion of radiotherapy: 1 month after the completion of radiotherapy, every 3 months in the first 2 years, every 6 months from year 3 to year 5, and annually thereafter.
The SPSS ver. 17.0 (SPSS Inc., Chicago, IL), software was used for statistical analysis. The local failure-free survival (LFFS), regional failure-free survival (RFFS), distant metastasis-free survival (DMFS), and overall survival (OS) were estimated by use of the Kaplan-Meier method. LFFS, RFFS, DMFS, and OS were measured from day 1 of treatment to the date of the event. Multivariate analysis was performed by using the Cox proportional hazards model. All statistical tests were two sided, and p < 0.05 was considered to be statistically significant. 
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Results
Incidence of paranasal sinus invasion
The incidence of paranasal sinus invasion was 39.4% (274 of 695 patients), with invasion of the ethmoid sinus, maxillary sinus and sphenoid sinus in 21 (3.0%), 33 (4.7%), and 272 (39.1%) patients, respectively. None of patients had frontal sinus involvement. Of the 272 patients with sphenoid sinus invasion, 230 (84.6%) did not have maxillary sinus or ethmoid sinus invasion. In contrast, of the 21 patients with ethmoid sinus invasion and 33 patients with maxillary sinus invasion, 20 (95.2%) and 32 (96.7%) also had sphenoid sinus invasion, respectively.
Prognosis of patients with paranasal sinus invasion
The median follow-up period was 63 months (range, 2 to 119 months). The estimated 5-year LFFS, RFFS, DMFS, and OS rates for the whole group were 92.0%, 93.5%, 87.5%, and 89.1%, respectively. The estimated 5-year LFFS, RFFS, DMFS, and OS rates for the patients without and with paranasal sinus invasion were 93.9% versus 89.0% (p=0.012), 93.2% versus 94.0% (p=0.764), 89.3% versus 84.7% (p=0.056), and 92.2% versus 83.7% (p=0.011), respectively (Fig. 2) .
The value of various potential prognostic factors including age ( 48 years and < 48 years), sex, prevertebral muscles extension, medial pterygoid muscle extension, lateral pterygoid muscle extension, parapharyngeal space extension, skull base erosion, paranasal sinus invasion, involvement beyond the lateral surface of lateral pterygoid muscle, cranial nerve palsy, intracranial extension, N classification and concurrent chemotherapy on predicting LFFS, RFFS, DMFS, and OS were evaluated. By multivariate analysis, paranasal sinus invasion was an independent negative prognostic factor for LFFS (Table 2) .
T classification of paranasal sinus invasion
According to the eighth AJCC staging system, 275 patients were classified as T3 classification. Of these, 78 patients (28.4%) developed paranasal sinus invasion (T3b) and 197
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(71.6%) didn't (T3a). The estimated 5-year LFFS and OS rates for the patients with T3b and T3a classification were 88.6% versus 95.0% (p=0.047), and 84.5% versus 93.3% (p=0.183), respectively. The estimated 5-year LFFS and OS rates for the patients with T4 classification were 89.5% and 83.2%, which were similar with the outcomes of patients with T3b classification (Fig. 3) .
Of the 274 patients with paranasal sinus invasion, most of patients with maxillary sinus or ethmoid sinus invasion simultaneously accompanied with sphenoid sinus invasion. Patients with paranasal sinus invasion were classified as patients with invasion of the sphenoid sinus alone, without invasion of the maxillary sinus or ethmoid sinus (group A, n=230), and patients with invasion of the maxillary sinus and/or ethmoid sinus (group B, n=44). The T and N classification distribution according to paranasal sinus invasion is shown in Table 3 
Discussion
In this study, we observed a high incidence of paranasal sinus invasion in NPC and that paranasal sinus invasion is an independent prognostic factor of LFFS in NPC after IMRT. p-values were calculated by using the Cox proportional hazards model. HR, hazard ratio; CI, confidence interval; LFFS, local failure-free survival; RFFS, regional failure-free survival; DMFS, distant metastasis-free survival; OS, overall survival. In patients with T3 classification, tumors with paranasal sinus invasion had a higher risk of local failure than those without paranasal sinus invasion. Paranasal sinus invasion was recommended to classify as T4 classification in the eighth AJCC staging system for NPC.
Caineng Cao, Paranasal Sinus Invasion in NPC
The result of the present study indicated that the incidence of paranasal sinus invasion in NPC was 39.4%. The highest rate of incidence was of sphenoid sinus invasion (39.1%), followed by maxillary sinus invasion (4.7%) and ethmoid sinus invasion (3.0%). Compared to the respective rates of 15%-27%, 4.9%-9%, and 4%-14% reported in previous studies [6] [7] [8] [9] [10] , the rate of sphenoid sinus invasion was higher in the current study. The floor of the sphenoid sinus borders the nasopharynx roof. No muscle or fascia to act as a barrier against tumor invasion, tumors originating from the nasopharynx tend to spread directly and superiorly into the sphenoid sinus. This accounts for the high rate of incidence of sphenoid sinus invasion. In the diagnosis of gross paranasal sinus invasion, there should be minimal discrepancy. However, the diagnosis of subtle paranasal sinus invasion may pose a considerable diagnostic challenge and a source of variation between different radiologists or centers. Compared with CT, MRI has been used to assess the extent of NPC more reliably and accurately [12] [13] [14] . All of the patients in the present study were evaluated by MRI, which was recommended as the preferred modalities for staging [15] . Variations in the diagnosis of paranasal sinus invasion may explain this inconsistency in the different studies.
In the Chinese 1992 staging system for NPC, patients with paranasal sinus invasion were defined as T4, and this classification remains in the Chinese 2008 staging system. The present study indicated that the estimated 5-year LFFS and OS rates for the patients with T4 classification were similar with the outcomes of patients with T3b classification. Paranasal sinus invasion was recommended to classify as T4 classification in the eighth AJCC staging system. In a study of 1,811 patients with NPC treated by IMRT, tumors with ethmoid or maxillary sinus invasion which were recommended to classify as T4 classification had a higher risk of local failure than those with sphenoid sinus invasion alone [10] . Only three patients with maxillary sinus and/or ethmoid sinus invasion were classified as T3 classification (Table 3 ). For NPC after IMRT, locoregional recurrence rates at 1, 2, 3, 4, and 5 years accounted for 14.7%, 49.4%, 66.7%, 85.4%, and 94.7% of the total, respectively [16] . The 3-year local relapsefree survival rate was reported in the previous study [10] . It is reasonable to report the 5-year survival outcomes for prognostic analysis. No significant differences were observed in LFFS, RFFS, DMFS, and OS between the patients with invasion of the sphenoid sinus alone, without invasion of the maxillary sinus or ethmoid sinus and patients with invasion of the maxillary sinus and/or ethmoid sinus, which was probably associated with the aid of MRI, IMRT, and the use of chemotherapy [17] [18] [19] .
There are several limitations in the current study, including the retrospective nature of the study design and the inclusion of patients treated at a single center. In China, only 2% patients had keratinizing disease, which accounts for up to 67% of NPC in western countries [20] . The effect of paranasal sinus invasion on the prognosis and staging of patients with NPC should be further confirmed by other cohorts from different regions.
MRI-determined paranasal sinus invasion is an independent prognostic factor of NPC treated by IMRT. Paranasal sinus invasion is recommended to classify as T4 classification in the 8th AJCC staging system for NPC.
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